phylogenetic tree showed that these strains fell within the radius of the genus Undibacterium. The main fatty acids of strains T and SHS5-24 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (50.1 and 58.7 %, respectively) and C 16 : 0 (28.3 and 24.5 %, respectively). Both strains had ubiquinone 8 as the only respiratory quinone, and phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids. Strain JS4-4 T showed
,70 % DNA-DNA hybridization with members of the genus Undibacterium. Thus, based on the evidence of a polyphasic study, it is proposed that strains JS4-4 T and SHS5-24 T represent two novel species, for which the names Undibacterium jejuense sp. nov. The genus Undibacterium was originally proposed for Gram-negative, rod-shaped, oxidase-positive, non-sporeforming, non-motile bacteria (Kämpfer et al., 2007) . Later, the genus was emended as motile and sensitive to standard laboratory salt concentrations in physiological tests using API or Biolog systems (Eder et al., 2011) . As of the time of writing, this genus included four species, Undibacterium oligocarboniphilum, Undibacterium parvum (Eder et al. 2011) , Undibacterium pigrum (Kämpfer et al., 2007) and Undibacterium terreum (Liu et al. 2013) . The members of the genus contained ubiquinone Q-8 as the respiratory quinone and phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol as the major polar lipids.
The main fatty acids of the genus comprised C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and C 18 : 1 v7c with C 10 : 0 3-OH as the only hydroxylated fatty acid.
In the course of an investigation of the bacterial community, two bacterial strains, designated JS4-4 T and SHS5-24 T , were isolated from forest soil from Jeju Island and freshwater from Seoho lake in Suwon city, respectively, South Korea. Both strains were purified using a serial dilution method on R2A agar (Difco). These strains were subjected to a polyphasic taxonomic study. We hereby propose that strains JS4-4
T and SHS5-24 T represent two novel species of the genus Undibacterium.
Reference strains U. oligocarboniphilum DSM 21777 T , U. parvum DSM 23061 T , U. pigrum CCUG 49009 T and U. terreum NBRC 108789 T were obtained from DSMZ (Germany), CCUG (Sweden) and NBRC (Japan).
To investigate the morphological, biochemical and physiological characteristics, strains JS4-4
T and SHS5-24 T were routinely cultivated using R2A medium at 28 u C. Growth on Luria-Bertani (LB) agar, nutrient agar (NA), trypticase soy agar (TSA) and MacConkey agar (all from Difco) was tested. The morphological characteristics of both strains were determined using transmission electron microscopy (model 912AB; LEO) after incubation for 24 h at 28 u C. The Gram reaction was conducted with a Difco Gram staining kit. To determine the pH range for growth, pH was adjusted prior to sterilization to pH 4-12 (at intervals of 1.0 pH unit) using appropriate biological buffers (Breznak & Costilow, 1994) . Temperature range for growth was tested at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37 and 40 u C. NaCl tolerance was conducted on R2A broth adjusted to 0.0-5.0 % NaCl (w/v; at intervals of 0.5 %). Growth under anaerobic conditions was determined after incubating in the BBL GasPak Anaerobic System (Difco) for 14 days at 28 u C. Catalase activity was tested by bubble production in 3 % (v/v) hydrogen peroxide solution and oxidase activity was examined with 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux). Casein, starch and tyrosine degradation was examined on R2A plates containing milk powder (5 %, w/v), starch (1 %, w/v) and tyrosine (0.1 %, w/v), respectively. CM-cellulose and Tween 80 degradation was examined using R2A supplemented with 1 % (w/v) of each substrate. DNase activity was determined with DNase test agar (Difco Genomic DNA extraction and amplification of the 16S rRNA gene of strains T and SHS5-24 T were carried out as described by Weon et al. (2006) . PCR products were sequenced by Geno Tech, South Korea. Identification of phylogenetic neighbours and calculation of pairwise levels of 16S rRNA gene sequence similarity were achieved by using the EzTaxon-e server (http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012) . The 16S rRNA gene sequences of related taxa were obtained from the GenBank database. Sequence alignments were performed using SILVA (http:// www.arb-silva.de/aligner), considering the secondary structure of the rRNA gene (Pruesse et al., 2007) . Gaps were edited in the BioEdit program (Hall, 1999) . Phylogenetic trees were reconstructed using MEGA version 5.0 (Tamura et al., 2011) on the basis of the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris 1969) and maximum-likelihood (Felsenstein, 1981) algorithms. The 16S rRNA gene sequence lengths for strains T and SHS5-24 T were 1431 and 1425 bp, respectively. Strains JS4-4
T and SHS5-24 T showed high sequence similarities (97.6-95.8 %) and (96.5-95.6 %), respectively, with members of the genus Undibacterium. Strain JS4-4 T revealed the highest sequence similarities with U. terreum C3
T (97.6 %), T and SHS5-24 T was 97.0 %. The neighbour-joining phylogenetic tree also revealed that the two strains fell within the radius of the genus Undibacterium (Fig. 1) . The clustering of both strains into the genus Undibacterium was also supported by maximumparsimony and maximum-likelihood trees (Fig. 1 . Hybridization was performed as described by Seldin & Dubnau (1985) . Probe labelling was conducted using the nonradioactive DIG High Prime DNA Labelling and Detection Starter kit II (Roche Molecular Biochemicals). The hybridized DNA was visualized using the DIG luminescent detection kit (Roche Molecular Biochemicals). DNA-DNA relatedness was quantified with a densitometer (Bio-Rad). Strain JS4-4 T showed 38±3 % relatedness (reciprocal 42±4 %) to U. terreum C3 T , 39 %± 5 % to U. pigrum CCUG 49009 T , 29 %±4 % to U. parvum CCUG 49012
T and 30±2 % to SHS5-24
The low DNA-DNA relatedness between isolate JS4-4 T and closely related species indicated that this strain represents a separate genomic species in the genus Undibacterium (Wayne et al., 1987) .
The fatty acid methyl esters of the novel isolates and members of the genus Undibacterium were extracted from cultures grown on R2A at 28 u C to the late exponential phase (for 24-48 h depending on strains) and were determined using the Sherlock Microbial Identification System version 6.1 with the TSBA6 database (MIDI), according to the manufacturer's instructions. Respiratory quinones and polar lipids were extracted and analysed by the method of Minnikin et al. (1984) . The fatty acid composition of strain JS4-4 T was summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 50.1 %), C 16 : 0 (28.3 %), summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c; 7.9 %), C 10 : 0 3-OH (3.2 %), C 12 : 0 (3.2 %), iso-C 18 : 0 (1.1 %), C 17 : 0 2-OH (0.9 %) and C 10 : 0 (0.7 %) while strain SHS5-24 T had the fatty acids summed feature 3 (58.7 %), C 16 : 0 (24.5 %), C 10 : 0 3-OH (6.3 %), summed feature 8 (5.4 %) and C 12 : 0 (3.2 %) ( Table 2 ). In the case of summed feature 3, which consisted of C 16 : 1 v7c and/or C 16 : 1 v6c, inseparable in this MIDI database, the major fatty acid is C 16 : 1 v7c and not C 16 : 1 v6c because C 16 : 1 v7c is most common in members of the class Betaproteobacteria. The novel strains shared the major fatty acids summed feature 3, C 16 : 0 and summed feature 8 with members of the genus Undibacterium despite minor quantitative and qualitative differences in some fatty acids ( Table 2 ). The only respiratory quinone of both strains was ubiquinone 8, which was also shown in the members of the genus Undibacterium. Both strains had phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol in common as the major polar lipids (Fig. S1 , available in IJSEM Online). However, there were some differences in minor polar lipid composition between the two strains. Both IP: 54.70.40.11
On: Sat, 26 Jan 2019 22:09:47 strains lacked phosphatidylserine, which other members of the genus Undibacterium contain in a small amount (Eder et al., 2011; Kämpfer et al., 2007; Liu et al., 2013) .
Based on their 16S rRNA gene sequence dissimilarity to related taxa, phylogenetically distinct position, differentiating phenotypic characteristics and genomic relatedness, strains JS4-4
T and SHS5-24 T would appear to represent two novel species of the genus Undibacterium, for which the names Undibacterium jejuense sp. nov. and Undibacterium seohonense sp. nov. are proposed.
Description of Undibacterium jejuense sp. nov.
Undibacterium jejuense (je.ju.en9se. N.L. neut. adj. jejuense pertaining to Jeju Island where the type strain was isolated). 
c Tween 80
Assimilation of:
Esterase lipase (C8) Cells are Gram-stain-negative, aerobic rods, 0.7-1.0 mm in width and 1.5-2.5 mm in length, and are motile by means of flagella. Colonies are creamy coloured, translucent, convex and 0.6-0.8 mm in diameter after 48 h of cultivation at 28 u C on R2A medium. Catalase-negative and oxidase-positive. Growth occurs between 10 and 30 u C (optimal growth at 28 u C) and from pH 6.0 to 11.0 (optimal growth at pH 7.0). Growth occurs only with 0 % NaCl; no growth with 0.5 % NaCl. Grows on R2A and NA, but does not grow on LB agar, TSA and MacConkey agar. Hydrolyses casein, Tween 80 and tyrosine, but does not hydrolyse cellulose, chitin, DNA, hypoxanthine, starch or xanthine. Positive for nitrate reduction and gelatin hydrolysis, but negative for indole production, glucose fermentation, arginine dihydrolase, urease, aesculin hydrolysis and b-galactosidase (PNG) (API 20NE test strips). Assimilates maltose, sucrose and L-proline, but does not assimilate D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, L-rhamnose, D-ribose, inositol, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-serine, salicin, melibiose, L-fucose, D-sorbitol, propionic acid, valeric acid, L-histidine, potassium 2-ketogluconate, 3-hydroxybutyric acid and 4-hydroxybenzoic acid (API 20 NE and API ID 32GN). Positive activities for alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, but negative activities for esterase (C4), esterase lipase (C8), lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase (API ZYM test strips). The only respiratory quinone is Q-8 and the polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and two unknown aminolipids. The main cellular fatty acids (.10 % of the total fatty acids) are summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and C 16 : 0 .
The type strain, SHS5-24 T (5KACC 16656 T 5NBRC 108929 T ), was isolated from fresh water of Seoho lake located in Suwon city, South Korea.
